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Abstract 39	  
The aim of this study was to evaluate the erosion-preventive effect of different artificial 40	  
saliva formulations and human saliva in-vitro compared to human saliva in-situ. In the 41	  
in-vitro-experiment, bovine enamel and dentin specimens were stored in artificial saliva 42	  
(4 different formulations, each n=20), deionized water (n=20) or in human saliva (10 43	  
volunteers, each n=6 enamel and dentin specimens/volunteer) for 120min. In the in-44	  
situ-experiment, each n=6 enamel and dentin specimens were worn intraorally by 10 45	  
volunteers for 120min. Then, specimens were eroded (HCl, pH 2.6, 60s). Half of the 46	  
specimens were subjected to microhardness analysis (enamel) and determination of 47	  
calcium into the acid (enamel and dentin), while the other half of the specimens were 48	  
again placed in the respective medium or worn intra-orally, respectively, for 120min 49	  
before a second erosion was performed. Knoop microhardness of enamel and calcium 50	  
release of enamel and dentin into the acid were again determined. Statistical analysis 51	  
was conducted by two-way repeated measures ANOVA or two-way ANOVA (α=0.05). 52	  
Enamel microhardness after the first and the second erosive challenge, respectively, 53	  
was not significantly different between all test groups. Enamel calcium loss was 54	  
significantly lower in-situ compared to the in-vitro-experiment, where all test groups 55	  
performed not significantly different. Dentin calcium loss was significantly lower than 56	  
deionized water only after the first and than all except one artificial saliva after the 57	  
second erosion. Under the conditions of this experiment, the use of artificial saliva 58	  
formulations and human saliva in-vitro do not reflect the intraoral situation in dental 59	  
erosion experiments adequately. 60	  
 61	  
  62	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Introduction 63	  
 64	  
Dental erosion is caused by the direct contact of teeth with acids from 65	  
extrinsic or intrinsic origin, but the development and progression of erosive lesions is 66	  
modified by various behavioral or biological factors. As erosive tooth wear is a growing 67	  
problem affecting adults and children,1 research in dental erosion and erosive tooth 68	  
wear is steadily increasing. Most research in dental erosion is still done in in-vitro-set 69	  
ups, as in-vitro-experiments allow analyzing principal mechanisms by controlling and 70	  
standardizing several variables while one variable is systematically varied. Compared 71	  
to in-situ and clinical studies, in-vitro-experiments on dental erosion are relatively 72	  
inexpensive and enable a fast assessment of products or treatments without the need 73	  
to consider ethical aspects. On the other hand, in-vitro-experiments should simulate 74	  
clinical conditions as closely as possible to generate results relevant for the clinical 75	  
situation. 76	  
One important co-factor in the development and progression of erosive 77	  
lesions is saliva, which forms an acid-protective pellicle on tooth surfaces and 78	  
minimizes the acid effects by dilution and buffering properties.2, 3 Ideally, these effects 79	  
should be also achieved in in-vitro-experiments when using saliva substitutes.  80	  
A literature search revealed that different formulations of artificial saliva 81	  
were used in in-vitro-experiments on dental erosion. The following search terms were 82	  
used for searching a literature database (PubMed, march 2013): dental erosion AND 83	  
saliva AND in-vitro. One hundred and eighteen studies were retrieved, but only full 84	  
papers in English were taken in consideration. In 76 papers, in-vitro-experiments were 85	  
performed by using artificial saliva formulations, in which the following formulas were 86	  
used most often: artificial saliva according to Klimek et al.4 (17 studies5-21, differences in 87	  
mucin content), which was the first artificial formula introduced for in-vitro-studies; 88	  
Vieira et al.22 (17 studies23-39); Amaechi et al.40 (13 studies41-53) and Eisenburger et al.54 89	  
(10 studies55-64). The compositions of these formulations are given in Table 1. Other 90	  
formulas65-73 were found, but not frequently used. Due to the different compositions of 91	  
the artificial saliva formulations, the erosion process might be differently affected. In 92	  
order to establish a valid protocol for in-vitro erosion studies it is necessary to 93	  
determine if the artificial solutions are comparable to the effects of human saliva in-situ 94	  
and in-vitro.  95	  
Therefore, this study aimed to analyse the effects of different artificial saliva 96	  
formulations and human saliva before dental erosion in an in-vitro model and to 97	  
compare the results with the effects of human saliva in an in-situ model. Calcium 98	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release (enamel and dentin erosion) and microhardness (enamel erosion only) were 99	  
analyzed as response variables. 100	  
  101	  
The hypotheses were: 1) all artificial saliva formulations and human saliva are less 102	  
effective to reduce calcium release of enamel and dentin and enamel microhardness 103	  
loss in-vitro than human saliva does under clinical conditions (in-situ, positive control). 104	  
2) all artificial saliva formulations and human saliva are more effective to reduce 105	  
calcium release of enamel and dentin and enamel microhardness loss compared to 106	  
deionized water (negative control). 107	  
 108	  
Materials and methods 109	  
 110	  
Sample preparation and allocation to the groups 111	  
 112	  
Each 220 enamel and 220 cylindric dentin specimens were prepared from freshly 113	  
extracted, undamaged bovine incisors which were stored in 0.5% thymol solution until 114	  
use.74 Enamel and dentin specimens (diameter: 3 mm) were gained from the buccal 115	  
surface of crowns or roots, respectively, by use of a water-cooled diamond trephine 116	  
mill. They were embedded in acrylic resin blocks (diameter: 6 mm, height: 3 mm, 117	  
Paladur, Heraeus Kulzer, Germany). The labial surfaces of the specimens were ground 118	  
flat and polished with water-cooled carborundum discs (1200, 2500 and 4000 grit, 119	  
waterproof silicon carbide paper, Stuers, Erkrath, Germany). The polished specimens 120	  
were cleaned in distilled water in an ultrasonic cleaner (M. Scherrer, Wil, Switzerland) 121	  
for 1 min to remove any debris. The specimens used in-situ were sterilized by gama-122	  
radiation (12 kGy, 4 h, Paul Scherrer Institute, Villigen, Switzerland).75, 76 Before use, all 123	  
specimens were kept in deionized water.   124	  
Each 20 enamel and 20 dentin specimens were subjected to the storage 125	  
media listed in Table 1 or to the negative control group (deionized water). Each 60 126	  
enamel and 60 dentin specimens were subjected to the groups, where human saliva 127	  
was used in-vitro or to the in-situ-experiment. The study design is shown in Figure 1. 128	  
 129	  
Preparation of artificial salivas 130	  
 131	  
Artificial saliva formulations were prepared according the descriptions in 132	  
previous studies: Klimek et al.,4 Vieira et al.,22 Amaechi et al.,40 and Eisenburger et al.54 133	  
5	  
	  
The degrees of saturation with respect to hydroxyapatite (HA), dicalcium phosphate 134	  
dehydrate (DCPD) and octacalcium phosphate (OCP) were calculated according to 135	  
Shellis77 and are presented in Table 2. 136	  
 137	  
  138	  
Volunteers and saliva collection  139	  
 140	  
Ethical approval of the study was granted by the local ethics committee 141	  
(StV 07/11). Ten healthy subjects (3 male, 7 female) aged between 28 and 43 years 142	  
took part in the study. The inclusion criteria were: ≥18 years old; healthy; mean 143	  
stimulated saliva flow rate ≥1 ml/min. The exclusion criteria were: use of fixed or 144	  
removable orthodontic appliances, general/systemic illness, smoking, hyposalivation, 145	  
pregnancy or breastfeeding. 146	  
The participants were instructed to refrain from consumption of any dietary 147	  
products and oral hygiene treatment 1h before saliva collection or insertion of the intra-148	  
oral appliances, during the interval before the second saliva collection (in-vitro-149	  
experiment) and while the appliances were in place (in-situ-experiment).78 The saliva 150	  
collection or the insertion of appliances in the oral cavity, respectively, started between 151	  
07.30 and 8.30 a.m. 152	  
The same volunteers were used for the in-situ-experiment and for the 153	  
collection of saliva for the in-vitro-experiment. For the in-vitro-experiment, saliva was 154	  
stimulated by chewing of Parafilm® M (Brand GMBH+CO KG, Wertheim, Germany). 155	  
Whole-mouth saliva was freshly collected for both parts of the in-vitro-experiment; each 156	  
volunteer donated at least 12ml of saliva each time.  157	  
 158	  
In-vitro-experiment  159	  
 160	  
Enamel and dentin specimens (each n = 20) were stored individually in 1 ml of 161	  
each medium at 37ºC for 120 min prior to erosion. Each specimen was eroded by 162	  
hydrochloric acid (1 ml, pH 2.6, 2.5 mmol/l, 60 s), which was kept for calcium analysis. 163	  
Erosion was done in an Eppendorf tube, which was gently shaken (180° rotation, 164	  
60x/min). After erosion, the specimens were washed with deionized water (pH 5.5) for 165	  
10 s, and half of them (each n = 10) were placed again in the respective medium for 166	  
additional 120 min. The other half (each n = 10) was submitted to microhardness 167	  
evaluation after 1st erosion (only for enamel specimens); dentin specimens were 168	  
discarded. 169	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After additional storage in the respective medium for 120 min, the remaining 170	  
specimens were eroded a second time (1 ml HCl, pH 2.6, 60 s), and the acid was again 171	  
kept for calcium analysis. The 2nd erosive challenge was followed by microhardness 172	  
testing of enamel specimens. 173	  
	  174	  
In-situ-experiment  175	  
 176	  
The subjects used custom-made acrylic devices of the upper jaw, provided with 177	  
buccal recesses in the areas of left and right 2nd premolars and 1st and 2nd molars for 178	  
fixing of the specimens.79 Each volunteer received six enamel or six dentin specimens 179	  
on two consecutive days. The sequence of experiments and the allocation of the 180	  
specimens in the appliance were randomly assigned.  181	  
The appliances were inserted in the oral cavity and used for 120 min. The 182	  
specimens were extra-orally submitted to erosion (1 ml HCl, pH 2.6, 2.5 mmol/l, 60 s), 183	  
and the acid was kept for calcium analysis. Then, the specimens were washed with 184	  
deionized water for 10 s, and half of them were placed intraorally for additional 120 min 185	  
prior to the second erosion (1 ml HCl, pH 2.6, 60 s). The other half was submitted to 186	  
microhardness evaluation after 1st erosion (only for enamel specimens); dentin 187	  
specimens were discarded. The 2nd erosive challenge was again followed by 188	  
microhardness testing and analysis of calcium release of enamel specimens. 189	  
 190	  
 191	  
 192	  
Measurement methods 193	  
 194	  
Surface microhardness of enamel specimens was determined at baseline, 195	  
after the first and after the second erosive experiment using the average values of 196	  
three indentations at a distance of 50 µm (Knoop diamond, 100g load per 20s, High 197	  
Quality Hardness Tester, Buehler, Düsseldorf, Germany) of each specimen. 198	  
To evaluate the amount of calcium dissolved from the enamel and dentin 199	  
specimens into the acid, 0.3 ml from the acid sample was mixed to 2 ml of strontium 200	  
chloride (0.75%) and 3.7 ml of bi-distilled water prior to Atomic Absorption 201	  
Spectroscopy (ConfrAA300, Analytic Jena, Germany, detection limit: 0.025 µg 202	  
calcium/ml).  203	  
 204	  
 205	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Statistical analysis 206	  
Mean enamel microhardness (± standard deviation) was calculated and 207	  
analysed by two-way repeated measures ANOVA, considering the time points of 208	  
measurement and the kind of saliva as variables. Two-way repeated measures ANOVA 209	  
was followed by Tukey`s or Sidak`s multiple comparisons tests (p < 0.05). 210	  
Mean calcium loss (± standard deviation) of enamel and dentin specimens 211	  
was calculated and statistically analysed by two-way repeated measures ANOVA, 212	  
separately for enamel and dentin specimens, followed by Tukey`s or Sidak`s multiple 213	  
comparisons tests (p < 0.05).  214	  
To compare the protective effect of the different artificial saliva formulations 215	  
and human saliva on enamel and dentin, the percentage reduction of calcium loss 216	  
(compared to the negative control) was calculated for each group and statistically 217	  
analysed by two-way ANOVA separately for the first and second time-point of 218	  
measurement. Two-way ANOVA was followed by Sidak´s multiple comparison tests (p 219	  
< 0.05).  220	  
All the statistical analysis were performed by Graph Pad Prism 6 software 221	  
(San Diego, California, USA). 222	  
 223	  
Results 224	  
 225	  
Enamel microhardness loss is presented in Table 2. Two-way repeated 226	  
measures ANOVA revealed a significant reduction of Knoop hardness after the first (p 227	  
< 0.0001, compared to baseline) and second (p < 0.0001, compared to baseline except 228	  
for the artificial saliva according to Eisenburger et al.54) erosive challenge, while 229	  
microhardness of specimens after the first and second challenge was not significantly 230	  
different from each other (p = 0.65). However, all test groups did not differ statistically 231	  
significantly from each other within the respective time point of measurement (p > 232	  
0.05). 233	  
 234	  
Two-way repeated measures ANOVA revealed that both the kind of saliva 235	  
(p < 0.0001) and the time-point of measurement (p = 0.0009) as well as the interaction 236	  
between both variables (p = 0.039) were significant with respect to enamel calcium 237	  
loss. Calcium release of enamel specimens was significantly lower in the in-situ-238	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experiment compared to the in-vitro-experiment at both time points. No differences 239	  
between the artificial saliva formulations, deionized water (negative control) and human 240	  
saliva in-vitro were detected. Between time-point comparisons revealed no significant 241	  
differences except for the artificial saliva according to Amaechi et al..40  242	  
Two-way repeated measures ANOVA revealed that both the kind of saliva 243	  
(p = 0.0005) and the time-point of measurement (p < 0.0001) but not the interaction 244	  
between both variables (p = 0.22) were significant with respect to dentin calcium loss. 245	  
Calcium release of dentin specimens after the first erosive challenge was lower in the 246	  
in-situ-experiment compared to deionized water. All other groups were not statistically 247	  
significant from each other. After the second erosive challenge, calcium release in the 248	  
in-situ-experiment was significantly lower than in all other groups except for the artificial 249	  
saliva according to Eisenburger et al..54 The artificial salivas and human saliva in-vitro 250	  
did not differ significantly from each other. Between time-point comparisons revealed 251	  
significant differences for groups “human saliva in-situ”, “deionized water” and “artificial 252	  
saliva according to Eisenburger et al.54 (Table 3). 253	  
Comparison between relative calcium release of enamel and dentin 254	  
specimens revealed no significant effect of the kind of substrate after the first erosive 255	  
challenge (p = 0.77) but after the second erosive challenge (p < 0.0001). However, 256	  
Sidak´s post-hoc tests revealed no significant differences among all groups. 257	  
 258	  
Discussion 259	  
In this study the erosion-preventive effect of different artificial saliva 260	  
formulations and human saliva in-vitro was compared to human saliva in-situ. While 261	  
enamel microhardness loss did not show differences among the experimental groups, 262	  
calcium release in the in-situ-experiment was significantly lower compared to all 263	  
(enamel) or most of the groups (dentin, second erosive challenge) of the in-vitro-264	  
experiment. 265	  
Specimens were short-time eroded using hydrochloric acid to simulate 266	  
clinical conditions in patients suffering from gastric reflux or bulimia.13, 80, 81 To address 267	  
the erosion-protective effect of the salivary pellicle, specimens were stored in the 268	  
artificial saliva solutions or placed intra-orally for 2 h before the erosive attacks. In 269	  
former studies, short time pellicle formation up to 2 h was shown to have a significant 270	  
protective effect on enamel and dentin erosion.46, 82-84 The pellicle might act as a 271	  
diffusion barrier inhibiting the contact of acids to the dental surface and thus decreasing 272	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the diffusion of calcium and phosphate ions into the surrounding fluid exposure.85 A 273	  
previous study found that the protective effect of the pellicle is higher on enamel 274	  
compared to dentin,13 but this was not observed in the present study, probably as the 275	  
the artificial saliva formulations are generally unable to form a protective surface layer 276	  
independently of the kind of substrate. In the in situ experiment, specimens were 277	  
placed in the buccal region of the upper jaw to minimize abrasion (as seen in 278	  
specimens localized palatally due to tongue abrasion) and allow for continuous contact 279	  
with saliva. However, in contrast to the earlier study of Wiegand et al.,13 the protective 280	  
effect of the salivary pellicle was only slightly, but not significantly different between 281	  
enamel and dentin specimens. 282	  
However, the results of the present study are conflicting as microhardness 283	  
loss did not differ between the in-situ-experiment and the artificial saliva formulations, 284	  
while calcium loss was significantly reduced for the in-situ-experiment. Chemical 285	  
analysis of calcium allow for the detection of very small mineral losses,86 which might 286	  
not be detected by hardness measurement. Although microhardness measurement 287	  
allows for discrimination of erosive softening even after short-term demineralisation, it 288	  
can be assumed that the differences between the various test groups in the present 289	  
study are too small to be detected by Knoop hardness measurement. 290	  
After the first erosion, half of the specimens were again stored in the 291	  
respective media or in the oral cavity to address potential rehardening effects of 292	  
saliva.87 It has also to be considered that a new surface pellicle is formed. Only half of 293	  
the specimens were used for the further experiment as microhardness measurement 294	  
was very time consuming and did not allow for immediate replacement in the artificial 295	  
saliva formulations or in the oral cavity, respectively. Enamel specimens used for the 296	  
microhardness measurement after the first erosion were discarded and not used for the 297	  
further experiment. To ensure the same number of enamel and dentin specimens in the 298	  
further experiment, half of the dentin specimens were randomly chosen and also 299	  
discarded. 300	  
As shown in an early study by Hall et al.,88 the protective effect of saliva in-301	  
vitro is significantly reduced compared to the in-situ environment. Saliva collected in-302	  
vitro might be altered or degraded due to protein breakdown and pH changes, thus 303	  
resulting in a reduced capacity to prevent erosion. In an in-vitro-experiment cycling 304	  
model over 14 days, enamel and dentin mineral loss was highest when specimens 305	  
were stored in water between the erosive cycles. Storage in human saliva samples 306	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resulted in significantly less mineral loss, but was less effective compared to the in-situ-307	  
experiment, where the specimens were worn in the oral cavity. These differences were 308	  
explained by the depletion of inorganic components of human saliva and by the 309	  
degradation of saliva proteins. However, in the present study human saliva in-vitro was 310	  
not even different from artificial saliva formulations and water. This might be explained 311	  
by two reasons: Firstly, the extra-oral storage time was too long resulting in complete 312	  
degradation of human saliva. Secondly, the present study design does not allow to 313	  
reveal possible differences between human saliva in-vitro and the artificial saliva 314	  
formulations as no cycling treatment of specimens was performed.  315	  
In contrast to the results of the present study, a recent study by Ionta et 316	  
al.89 found differences in the rehardening potential of various artificial saliva 317	  
formulations and water. This study did not use a de- and remineralisation protocol, but 318	  
focused on the remineralisation of erosively softened enamel (citric acid, pH 2.5, 15 s) 319	  
after 2 h storage time. All tested artificial saliva solutions resulted in higher rehardening 320	  
of erosively demineralised enamel than water, but remineralisation varied distinctly 321	  
between the artificial saliva test groups. These differences were explained by different 322	  
degrees of saturation with respect to calcium phosphates as well as by different 323	  
concentrations of carboxylmethyl cellulose (CMC) and mucins.  324	  
The different compositions of the artificial salivas might also affect the 325	  
results of the present study. For instance, the artificial saliva containing CMC showed a 326	  
lower protective effect after the second compared to the first erosion, probably due to 327	  
the fact that CMC might form complexes with calcium and/or phosphate ions, which are 328	  
then not longer available for rehardening of previously eroded enamel. 329	  
 However, from the results of the present study it can be speculated that 330	  
the degree of remineralisation is generally too low to be relevant when an additional 331	  
(second) erosive challenge is performed on dental hard tissues pre-treated with 332	  
different saliva formulations although the degree of saturation between the artificial 333	  
salivas varied distinctly. 334	  
Under the conditions of the present study, artificial saliva formulations and the use of 335	  
human saliva in-vitro were unable to adequately reflect in-situ conditions of enamel and 336	  
dentin erosion.	  This aspect has to be taken into consideration when performing in vitro 337	  
studies using artificial saliva formulations or human saliva. 338	  
 339	  
 340	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Table 1 – Composition of tested artificial salivas	  and degree of saturation with respect to 577	  
HAP (Hydroxyapatite), OCP (Octacalcium phosphate), DCPD (Dicalcium phosphate 578	  
dehydrate) according to Shellis 77	  	  579	  
	  580	  
	   	  581	  
Compound 
Artificial saliva formulations 
According to 
Klimek et al. 4 
According to 
Vieira et al. 22 
According to 
Amaechi et al. 40 
According to 
Eisenburger et al. 54 
C6H8O6 2 mg/l -- -- -- 
C6H12O6 30 mg/l -- -- -- 
NaCl 580 mg/l -- -- -- 
CaCl2 170 mg/l -- -- -- 
KCl 1270 mg/l 11182,50 mg/l 624,73 mg/l 2236,50 mg/l 
NaSCN 160 mg/l -- -- -- 
KH2PO4 330 mg/l -- 326,620 mg/l 544,360 mg/l 
CH4N2O 200 mg/l -- -- -- 
Na2HPO4 340 mg/l -- -- -- 
Mucin 2700 mg/l -- -- -- 
Ca(NO3)2.4H2O -- 60,12 mg/l -- -- 
NaF -- 0,066 mg/l -- -- 
NaH2PO4.2H2O -- 160,19 mg/l -- -- 
C4H11NO3 
Tris Buffer -- 12114,00 mg/l -- -- 
K2HPO4 -- -- 804,712 mg/l -- 
CaCl2.2H2O -- -- 166,130 mg/l 77,690 mg/l 
C8H8O3 -- -- 2000 mg/l -- 
CMC-Na -- -- 10000 mg/l -- 
MgCl2.6H2O -- -- 58,96 mg/l -- 
MgCl2 -- -- -- 19,04 mg/l 
C8H18N2O4S  
HEPES -- -- -- 4766,20 mg/l 
Deionized water 1000 ml 1000 ml 1000 ml 1000 ml 
pH 6.4 7.0 6.75 7.0 
HAP 6.51 6.69 11.26 9.50 
OCP 1.57 1.20 2.46 1.89 
DCPD 1.15 0.54 1.66 1.06 
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  582	  
Table 2 – Mean (± Standard Deviation) enamel microhardness (KHN) in the respective tested 583	  
groups initially and after the first and second erosive challenge	  584	  
*In each column, groups followed by the same lower case letters were not significantly different. 585	  
In each row, groups marked by the same upper case letters were not significantly different. 586	  
 587	  
 588	  
 589	  
 590	  
 591	  
 592	  
 593	  
 594	  
 595	  
 596	  
 597	  
 598	  
 599	  
 600	  
 601	  
 602	  
 603	  
 604	  
 605	  
 606	  
  607	  
Groups / saliva composition 
Initial 
Microhardness 
Microhardness after  
1st erosion 
Microhardness 
after 2nd erosion 
In-vitro 
Deionized Water 297.3 ± 22.9 a,A 247.3 ± 20.7 a,B 254.8 ± 14.5 a,B 
Klimek et al. 4 290.2 ± 23.6 a,A 254.5 ± 31.6 a,B 251.0 ± 39.2 a,B 
Vieira et al. 22 292.3 ± 30.9 a,A 241.2 ± 19.2 a,B 246.9 ± 41.0 a,B 
Amaechi et al. 40 282.9 ± 34.6 a,A 256.7 ± 24.1 a,AB 240.1 ± 49.6 a,B 
Eisenburger et al. 54 291.4 ± 27.8 a,A 259.0 ± 15.8 a,B 270.6 ± 30.7 a,AB 
Human saliva 282.5 ± 28.8 a,A 231.6 ± 34.1 a,B 245.9 ± 45.1 a,B 
In-situ 275.6 ± 38.3 a,A 232.2 ± 41.4 a,B 229.1 ± 33.8 a,B 
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Table 3 – Mean (± Standard Deviation) enamel and dentin calcium release (µg) in the respective 608	  
tested groups after the first and second erosive challenge 609	  
* In each column, groups followed by the same lower case letters were not significantly 610	  
different. Separately for enamel and dentin, significant differences in calcium release between 611	  
the first and second challenge were marked by different upper case letters.	  612	  
 613	  
 614	  
 615	  
 616	  
Groups / saliva composition 
Enamel Dentin 
After 1st erosion After 2nd erosion After 1st erosion After 2nd erosion 
In-vitro-
experiment 
Deionized water 2.90 ± 0.06 b,A 3.21 ± 0.56 b,A 3.08 ± 0.76 b,A 2.40 ± 0.53 b,B 
Klimek et al. 4 2.85 ± 0.50 b,A 3.09 ± 0.56 b,A 2.88 ± 0.60 ab,A 2.43 ± 0.41 b,A 
Vieira et al. 22 2.74 ± 0.54 b,A 2.96 ± 0.62 b,A 2.84 ± 0.36 ab,A 2.52 ± 0.33 b,A 
Amaechi et al. 40 2.78 ± 0.43 b,A 3.29 ± 0.47 b,B 2.71 ± 0.39 ab,A 2.49 ± 0.43 b,A 
Eisenburger et al. 54 2.69 ± 0.52 b,A 3.08 ± 0.68 b,A 2.84 ± 0.57 ab,A 2.14 ± 0.82 ab,B 
Human Saliva 2.55 ± 0.53 b,A 2.76 ± 0.44 b,A 2.72 ± 0.50 ab,A 2.42 ± 0.48 b,A 
In-situ-experiment 1.83 ± 0.87 a,A 1.49 ± 0.83 a,A 2.28 ± 0.44 a,A 1.52 ± 0.40 a,B 
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Figure 1 – Flowchart of the experimental set-up 
